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\ DESCRIPTION 
PIEZOELECTRIC DEVICeVaND METHOD FOR MANUFACTURING THE 

\ SAME 
Technical Field \ 

[0001] The present invention relates to a piezoelectric device in which a 
semiconductor integrated circuit and a piezoelectric resonator element are included in 

a package, and to a method for manufacturing the same. 

' . _ ^ 

Backgr<?^^nd Art^ ^ 

[0002] In recent years, hard disk drives (HDD), mobile computers, 
information apparatuses such as IC cards and portable communication apparatuses 
such as cellular phones, phones for automobiles have undergone dramatic 
miniaturization. Accordingly, piezoelectric devices such as piezoelectric oscillators, 
voltage-controlled oscillators (VCXO), temperature-compensated oscillators (TCXO), 
SAW oscillators, real time clock modules for use in these apparatuses are also 
required to be smaller and thinner. Also, surface-mounting type piezoelectric devices 
capable of being mounted on both sides of the circuit board of the device are desired. 

[0003] An example of a conventional piezoelectric device will be explained 
using a quartz crystal oscillator shown in structural diagrams of Figs. 16(A) and 
16(B), the quartz crystal oscillator using a semiconductor integrated circuit of single- 
chip type having an oscillating circuit and an AT-cut quartz crystal resonator as a 
piezoelectric resonator element. 

[0004] In the conventional quartz crystal oscillator in Figs. 16(A) and 16(B), 
an IC chip 101 having an oscillating circuit is bonded and fixed by a conductive 
adhesive, etc., to the bottom face of a base 102 formed of a ceramic insulating 
substrate, is electrically connected by Au wire-bonding lines 103 to input/output 
electrodes 104 at the external periphery of the bottom face of the base 102. The 
input/output electrodes 104 are metallized by metal such as tungsten (W), 
molybdenum (Mo) and are plated in multiple layers by Ni plating and Au plating, etc. 
More specifically, a plurality of electrodes 108 are provided in the IC chip 101 and the 



electrodes 108 are electrically connected to the above-described input/output 
electrodes 104, etc., by the wire-bonding lines 103. 

[0005] A rectangular-shaped AT-cut quartz crystal resonator 105 is 
electrically connected to a mounting portion 106 of the base 102 and is fixed thereto 
by a conductive adhesive or the like. A plated layer at the top portion of the base 102 
and a metallic lid 107 are connected by melting a metallic cladding material such as 
solder formed on the lid 107 at a high temperature so as to provide a hermetic seal, 
while maintaining an (nitrogen) atmosphere or to a vacuum atmosphere in the 
i nner portion, , - ' 



[b006] Theabove-described conventional quartz crystal oscillator requires 
an area around the IC chip 101 for wiring the Au wire-bonding lines 103, and a 
sufficient height in the direction of the package thickness must be secured to 
accommodate the loops of the Au wire-bonding lines 103. Also, a gap must be 
provided between the Au wire-bonding lines 103 and the AT-cut quartz crystal 
resonator 105. Such a configuration prevents fixrther miniaturization of quartz crystal 
oscillators. 

[0007] Objects of the present invention are to solve the above-described 
problems and to provide at reduced cost a small and thin piezoelectric device, such as 
a quartz crystal oscillator, which can withstand mechanical impacts and has a 
thickness of 1 mm or less, and to provide a method for manufacturing the 

piezoelectric device. _ _ „ ^ 

• PijL- ltj jl ^ ' a ofj i ^ ontion 



[00081 the invention in claim 1 is a piezoelectric device compnsmg a 



semiconductor inteVted circuit and a piezoelectric resonator element both included 
in a package, whereiAan opening is formed in the center of a base provided with an 
input/output electrode ^ttem, the semiconductor integrated circuit is mounted in the 
center of the opening, an\ the semiconductor integrated circuit is connected to the 
electrode pattern on the bade through a plurality of bumps. ^ 
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[ft009] The invention in claim 2 is a piezoelectric device according to claim 
1, whereinNthe plurality of bumps formed on the semiconductor integrated circuit are 
formed at reVilar intervals on the center portion of an active element surface of the 
semiconducto\integrated circuit. 
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[0010 J n^he invention in claim 3 is a piezoelectric device according to claim 
1, wherein the pluWity of bumps formed on the semiconductor integrated circuit are 
concentrically formed about the center of an active element surface of the 
semiconductor integrated circuit. 
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[0011] The indention in claim 4 is a piezoelectric device according to claim 
1, wherein a dummy bump is formed on the active element surface of the 
semiconductor integrated crrcuit. 

' — ; 








[00121 The inventio^ in claim 5 a piezoelectric device according to claim 4, 
wherein the dummy bump formed on the semiconductor integrated circuit is 
connected to the electrode patteraon the base. 

^ 1. A — ' ■ — ' 
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[00131 The invention in claim 6 is a piezoelectric device according to claim 
1, further comprising a layered part, which surrounds the semiconductor integrated 
circuit, for mounting the piezoelectric \esonator, the layered part comprising at least 
two layers, including a first layer and a ^cond layer, wherein an opening of the first 
layer is formed to be larger than an opening of the second layer. 
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[0014] The invention in claim 7 is>a piezoelectric device according to claim 
1, wherein each of the plurality of bumps formed on the semiconductor integrated 
circuit is shaped to have two levels, one having la diameter 0.8 to 0.9 times and the 
other having a diameter 0.4 to 0.45 times the length of a side of an opening in a pad 
provided on an active element surface of the semiconductor integrated circuit. 
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[00151 The invention in claim 8 is a piezoefectric device according to claim 
1, wnerem me oase comprises a Lcrdiiiic cuiiipuaiic duu^uaic;. 










[0016] The invention in claim 9 is a piezoelectric device according to claim 
1, wherein each of the pluraUty of bumps formed on the sehiiconductor integrated 
circuit is an Au bump. \ 
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^ 1^17] The invention in claim 10 is a piezoelectric device according to claim 

/^(^ U whereirt^ protrusion is formed in at least one side wall of the base facing the side 
— ==" . of the semiconductor integrated circuit. ^ 



k [OOlSfy The invention in claim 1 1 is a piezoelectric device according to claim 

'j^lH ^ wherein theVrotrusion is formed in each of the side walls of the base facing the 

- — - „ two sides along tlr^ longitudinal direction of the semiconductor integrated circuit. 



[0019J Thfe invention in claim 12 is a piezoelectric device according to claim 
10, wherein the protrusion formed in the side wall of the base has substantially the 
^ same height as, or is higher than, the semiconductor integrated circuit. 




TO [0020] The invention in claim 1 3 is a piezoelectric device according to claim 

10, wherein a gap between me protrusion formed in the side wall of the base and the 
semiconductor integrated circuit is set to a range between 0.05 and 0. 1 5 mm. 



[0021] The invention m claim 14 is a piezoelectric device comprising a 
semiconductor integrated circuit and a piezoelectric resonator element included in a 

1 5 package, wherein an opening is formed in the center of a base provided with an 

input/output electrode pattern, a plur^ity of bumps are formed at two opposing sides 
of an active element surface of the semrconductor integrated circuit, the 
semiconductor integrated circuit is mounted in the opening, and the semiconductor 
integrated circuit is connected to the electrade pattern of the base through the plurality 

20 of bumps. 



[0022] The invention in claim 15 is a biezoelectric device according to claim 
14, wherein the plurality of bumps formed on the>semiconductor integrated circuit are 
formed at regular intervals at the center portion of t\e active element surface of the 
semiconductor integrated circuit. 



lyjJ^ 25 [0023] The invention in claim 16 is a piezoelectric device according to claim 

14, wherein a dummy bump is formed on the active element surface of the 
semiconductor integrated circuit. 
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X [0024] The invention in claim l7 is a piezoeiectnc device aCUOTdir i g t o claim 
f^"!/^ 16, wherein the dummy bump formed on the semiconductor integrated circuit is 
■ connerrrrl\o the electrode pattern on the base. 



m 
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[0025J The invention in claim 18 is a piezoelectric device according to claim 
14, further conrprising a layered part on which the piezoelectric resonator is mounted 
and which surroimds the semiconductor integrated circuit, the layered part comprising 
at least two layers including a first layer and a second layer, wherein an opening of the 
first layer is formed to. be larger than an opening of the second layer . 



[0026] The invention in claim 19 is a piezoelectric device according to claim 
10 14, wherein each of the plVality of bumps formed on the semiconductor integrated 
circuit is shaped to have twoSlevels, one having a diameter 0.8 to 0.9 times and the 
other having a diameter 0.4 to V45 times the length of an opening in a pad provided 
on the active element surface of the semiconductor integrated circuit. 



V^^'^ [0027] The invention in cl^m 20 is a piezoelectric device according to claim 
□ 15 14. wherein the base comprises a ceratnic composite substrate. 



[0028] The invention in claim^l is a piezoelectric device according to claim 
14, wherein the plurality of bumps formeaSpn the semiconductor integrated circuit are 

Au bumps. 

[0029] The invention in claim 22 is atoiezoelectric device comprising a 

20 semiconductor integrated circuit and a piezoelectidc resonator element included in a 
package, wherein an opening is formed in the centek of a base provided with an 
input/output electrode pattern is formed, a plurality oKbumps are formed at two 
opposing sides of an active element surface of the semiconductor integrated circuit, 
the semiconductor integrated circuit is mounted in the center of the opening, and the 

25 semiconductor integrated circuit is connected to the electrod\ pattern through the 

plurality of bumps by ultrasonic bonding means. 



[0030] The invention in claim 23 is a piezoelectric device according to claim 
22, wherein a vibration direction of ultrasonic waves applied to the^emiconductor 
integrated circuit is perpendicular to the two opposing sides of the active element 



n 
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surface of the semicoril^uctor integrated circuit at which the plurality of bumps are 
formed. , 



, [0031] \ The invention in claim 24 is a piezoelectric device according to claim 

22, wherein a priming direction of the electrode pattern on the base and a vibration 
5 direction of ultrasorii^ waves applied to the semiconductor integrated circuit are the 
same. 



[0032K The invention in claim 25 is a piezoelectric device according to claim 
22, wherein eacla of the plurality of bumps formed on the semiconductor integrated 
circuit is shaped t}& have two levels, one having a diameter 0.8 to 0.9 times and the 
10 other having a diamWr 0.4 to 0.45 times the length of an opening in a pad provided 
m • on the acti ve element Wface of the semiconductor integrated circuit . 



[0033] ^he invention in claim 26 is a piezoelectric device according to claim 
'^iK wherein each o^^e plurality of bumps formed on the semiconductor integrated 

f " circuit is shaped to h^e two levels, one being 80 to 90 |im in diameter and 30 to 35 

1 kl ^ um in height, and the othpr beine 40 to 45 urn in diameter and 30 to 35 )im in height. 



i^f^^ [0034] invention in claim 27 is a piezoelectric device according to claim 
22, wherein the base Ispmprises a ceramic composite substrate. 



[0035] That invention in claim 28 is a piezoelectric device according to claim 
22, wherein the plural}^ of bumps formed on the semiconductor integrated circuit are 
20 Au bumps. 



[0036] The iiWention in claim 29 is a piezoelectric device according to claim 
^'VV wherein the longitudiW direction of the electrode pattem on the base and a 

vibration direction of ultra^nic waves applied to the semiconductor integrated circuit 
are the same. 



25 [0037] The inventioiisin claim 30 is a piezoelectric device according to claim 

22, comprising the semiconductdt integrated circuit and the piezoelectric resonator 
element in included in the package, ^wherein a vibration direction of ultrasonic waves 
for ultrasonic bonding and for forminkbumps on the semiconductor integrated circuit 



and a vi^ation direction of ultrasonic waves for performing ultrasonic bonding of the 
semicondi^tor integrated circuit to. the package are different from each other. 



[003 8yl The invention in claim 3 1 is a method for manufacturing a 
piezoelectric Xvice comprising a semiconductor integrated circuit and a piezoelectric 
resonator elemeik included in a package, the method comprising: a step of forming a 
metallic bump on Ve semiconductor integrated circuit; a step of connecting the 
semiconductor integWed circuit on which the metallic bump is formed to the base by 
ultrasonic bonding; a s^p of detecting a height direction of the semiconductor 
integrated circuit duringVe ultrasonic bonding; a step of mounting the piezoelectric 
resonator element; and a s\p of hermetically sealing a metallic lid to the base. 

[00391 The inventi^ in claim 32 is a method for manufacturing a 
piezoelectric device comprisin\a semiconductor integrated circuit and a piezoelectric 
resonator element included in a pi^kage, the method comprising: a step of forming a 
metallic bump on the semiconductdr integrated circuit; a step of connecting the 
semiconductor integrated circuit on \nch metallic bump is formed to the base by 
ultrasonic bonding; a step of detecting\height direction of the semiconductor 
integrated circuit during the ultrasonic homing step; a step of filling an underfill 
material around the semiconductor integral^ circuit so as to cover the entire 
semiconductor integrated circuit including a)l^ surface of the semiconductor 
integrated circuit; a step of mounting the piezo^ctric resonator element; and a step of 
hermetically sealing a metallic lid to the base. 



j\v)0'K,^ Brief Descriptioriy^f the Drawiiigs 



(00401 Fig- 1 is a\tructural diagram of a piezoelectric device according to 

the present invention; 

Fig. 2 is a diagram iUustbting the formation of a bump on a wafer of the 

piezoelectric device of the present\nvention; 

Fig. 3 is a diagram showing\e shape of the bump of the piezoelectric device 

of the present invention; 



Fig. 4 ika diagram showing the shape of another bump of the piezoelectric 

device of the present invention; 

Fig. 5 is a p\cess diagram illustrating a flip-chip bonding process of the 

present invention; 

0 ^ 5 Fig. 6 is a stress\stribution map according to FEM analysis; 



Fig. 7 is a structuraMiagram showing another embodiment of the present 
invention; 

Fig. 8 is a structural dia^^ showing another embodiment of the present 
invention; 

IQ Fig. 9 is a structural diagram Rowing another embodiment of the present 

CI 

^ invention; 
r) Pig 1 0 is a plan view and a firont vW showing another embodiment of the 

EH 

'd) present invention; 

% Fig. 1 1 is a plan view and a front view si^^wing another embodiment of the 

□ 15 present invention; 

Fig. 12 is a structural diagram showing anothV embodiment of the present 



fn 



w 

g=5 invention; 

Fig. 1 3 is a structural diagram showing a cross-se^on of a bonded portion of 

the present invention; 

20 Fig. 14 is a structural diagram showing yet another em^diment of the quartz 

crystal oscillator of the present invention; 

Fig. 15 is an enlarged plan view showing a structure of a po?^on AR in Fig. 

14; and 

Fig. 16 is a structural diagram of a conventional piezoelectric de\^e. 
25 Best Mode for Carrying Out the Invention 



100411 The preferred embodiments of the present inventions will be 
described below with reference to the drawings. 

[00421 An embodiment of a piezoelectric device of the present invention is 
described with reference to the drawings, using as an example a quartz crystal 



[00441 shown in a plan view of Fig. 1(A) and in a front view of Fig. 
KB), on a first layerWa base 1 comprising a ceramic insulating substrate having at 
least three layers and Xeal ring of Fe-Ni alloy or the like, stamped to a frame shape, 
an electrode pattern 3 fo\fonning a connection with a semiconductor integrated 
circuit (IC chip: hereinafteVeferred to as the IC chip) 2 is metallized by means of 
printing by using metal wiriL material such as W (tungsten). Mo (molybdenum). On 

t he too thereof, Ni plating andVu r'^tin^. etc.. are provided . _ ^ 

[0045] On an electrode pad of the IC chip 2, a metallic bump 4 made of Au 
or the like is formed and, by a flip-chip bonding method, is comiected to the electrode 
pattern 3 formed on the base I. Among various techniques of the flip-chip bonding 
method, the method employed in the present embodiment is one using ultrasonic 
waves to yield an Au-Au solid state bond. 

100461 A supported portion 7 of an AT-cut quartz crystal resonator 6 is 
comiected and fixed by a conductive adhesive 9 to a mounting portion 8 provided in a 

second layer 5 of the base 1. 

[00471 A metallic lid 1 1 is aligned with a seal ring 12 formed of an Fe-Ni 
alloy or the like die-cut into a frame shape, is fixed, and is hermetically sealed by 
seam welding. 

[00481 Accordingly, a small and thin surface-mounted package type quartz 

crystal oscillator 13 is obtained. 

[00491 Next, a bump forming process for forming the bump 4 made of Au or 
the Uke on the IC chip 2, and a flip-chip bonding process for com^ecting the IC chip 2 
to the electrode pattern 3 formed on the base I will be described in detail. 
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[0050] For example, as shown in Fig. 2, on pads 14 of the wafer IC chip 2 
which is 4 to 6 inches, a plurality of bumps 4 are formed by ultrasonic bump bonding 
using fine Au bonding lines each having a diameter of, for example, approximately 25 
to 35 [im. 

[00511 There are several possible shapes for the bump 4; in this 
embodiment, as shown in Fig. 3, the bump 4 having two levels is formed. 

[0052] When a side of a pad opening 15 of the pad 14 of the IC chip 2 has a 
length A, the bump 4 is shaped to have two levels, one having a diameter of 0.8A to 
0.9A, another having a diameter of 0.4A to 0.45 A. 

[0053] Described in terms of specific figures, when the length of one side of 
the pad opening 15 in the typical pad 14 is 100 ^m, the bump 4 preferably has two 
levels, one being 80 to 90 ^m in diameter and 30 to 35 |a.m in height, the other being 
40 to 45 Jim in diameter and 30 to 35jim in height. 

[0054] In order to form bumps on a number of (approximately several 
thousand) wafer IC chips 2, the working temperature for forming the bumps is 
preferably low and, in this embodiment, the bumps are worked at a temperature of 
approximately 180°C. The experiments and evaluations regarding jointing strength 
and range of eutectic show that the preferable temperature is, for example, a 
temperature in a range of ISO'C to 230°C. 

[00551 In order to improve the flatness of the tip portion of the second stage 
of the bump 4, the tip portion of the bump 4 may be crushed and leveled as shown in 
Fig. 4. 

[00561 Next, a flip-chip bonding process for bonding the IC chip 2 provided 
with the bumps 4 of the aboye-described shape to the base 1 will be described in 
detail. 

[00571 Fig. 5 is a process diagram illustrating a flip-chip bonding process. 

[00581 The waW IC chip 2 is picked up by a nozzle such as an inverted 
pyramidal collet, is tumedVer, and is passed on to an nozzle tip of an ultrasonic 
horn. Then, the IC chip 2 is aligned and is chip-mounted on a mounting area of the 



u 



base I with high precision by a system such as an image recognition system provided 

in the flip-chip bonding apparatus. 

[00591 When the IC chip 2 contacts the electrode pattern 3 of the base 1 and 
load is detected by the flip-chip bonding apparatus, weight is applied at 100 grams per 
bump and, ultrasonic waves are simultaneously applied to bond Au in the bump 4 and 
Au in the electrode pattern 3 in a solid state. The conditions of the ultrasonic waves 
are determined by the power of ultrasonic waves and application period of the 
ultrasonic waves. In order to conduct the bonding, a proper temperature is required, 
and the base I is preheated at, for example, a temperature in a range between 
approximately 150°C and 200<'C. The base 1 is also heated in a similar manner 
during the ultrasonic wave processing. 

[00601 In the flip-chip bonding apparatus, a sensor for detecting a height 
direction of the IC chip 2 is provided and by checking and controlling the height data, 
the process can be carried out as if the height of the bumps 4 were uniform. 

[00611 The working parameters employed in the present embodiment is to 
apply load of approximately 100 grams per bump and, for the parameters of the 
ultrasonic waves, a parameter value determined by the size of the IC chip 2 and the 

number of the bumps 4 is used. 

[00621 Fig. 6 is a stress distribution map of the IC chip 2 and the vicinity of 
the bumps 4 during reflow using FEM (Finite Element Method) analysis or when 
thermal stress due to a cycling test, etc., is appHed to the quartz crystal oscillator 13. 

[00631 From this stress distribution map. it can be understood that the stress 
value is varied depending on the position of the bump and that significant stress 
concentration acts in the vicinities of the bumps 4 arranged at the comers of the IC 
chip 2 and in the portion with fewer bumps 4. 

[00641 When the stress is applied to the vicinity of the bumps 4 as described 
above, a failure such as the bump 4 and the electrode pattern 3 becoming 
discomiected. is likely to occur. Such failure is likely to occur especially when a high 
temperature such as that during reflow is suddenly applied to the quartz crystal 
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oscillator 13. Such failure may also occur due to aging, dropping a device such as a 
portable device having the thin quartz crystal oscillator 13 inside, and mechanical 
shock such as vibrations. 

[0065] The thermal stress and mechanical stress due to dropping and 
vibration are related to the overall structure of the base 1, and it is another object of 
the present invention to provide a configuration of the quartz crystal oscillator 13 in 
which stress is not concentrated around the bump 4. Essential points of such a 
configuration will be described below. 

[0066] As sh^n in Fig. I, a configuration in which an opening 16 is formed 
in the center of the base l\and the IC chip 2 is mounted in the center of the opening 16 
is employed. Thus, when t^ quartz crystal oscillator 13 is exposed to stress, by this 
configuration, the stress is evtenly applied to the IC chip 2, preventing the stress from 

concentrating in a specific port\on. 

[0067] Next, a configuration in which dummy bumps 17 are formed will be 
explained. The dummy bumps 17 are connected to an electrode pattern 18 laid out on 
the base 1. In this embodiment, the electrode pattern 18 is not connected to the 
input/output electrodes and is configured to be electrically isolated. 

[0068] By employing the structure with the dummy bumps 17 formed, the 
arrays of the bumps 4 at two opposing sides become even, equally sharing the stress 
applied to the vicinity of the bumps 4. 

[0069] Consequently, in this configuration, stress is not concentrated in a 
specific area and well-balanced bonding characteristics resistant to thermal stress and 
mechanical stress can be obtained. 

[0070] Next, the direction in which ultrasonic waves are applied and 
deformation of the bumps 4 will be described. 

[0071] During the process of applying ultrasonic waves to perform solid 
state bonding of Au in the bump 4 and Au in the electrode pattern 3, the initial two- 
level shape of the bump 4 shown in Fig, 3 is deformed and connected. At this time, in 
order to prevent a short-circuit between the adjacent bumps 4 and in order to perform 
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bonding of all the bumps 4 and the electrode pattern 3 in an even manner, the way in 
which the bumps 4 are arrayed relative to the application direction of the ultrasonic 
waves, the directions in which the electrode pattem 3 is printed on the base 1, and the 
direction in which the ultrasonic waves are applied are regulated. 
5 [00721 To be specific, the bonding process is carried out in such a manner 

that the vibration direction of ultrasonic waves applied to the IC chip 2 is substantially 
perpendicular to the two opposing sides of an active element surface of the IC chip 2 
provided with the plurality of the bumps 4. 

[0073] Fig. 13 is a sectional view showing the bonded portion of the 
10 electrode pattem 3 and the bump 4. 

^ [0074] Because the electrode pattem 3 is formed by applying electrode 

W 

'O material by thick-film printing, both ends thereof sag, and the bump 4 and the 

tn 

electrode pattem 3 are not bonded at such portions. 

[0075] Accordingly, when the process is performed by adjusting the 

EE 

1 5 vibration direction of the ultrasonic waves to be perpendicular to the longitudinal 
direction of the electrode pattem 3, there is a problem in that bonding is not carried 
out in an even manner and that sufficient jointing force cannot be obtained. Thus, in 
this embodiment, the bonding process is carried out in such a manner that the 
vibration direction of the ultrasonic waves applied to the IC chip 2 is set to be the 
20 same as the longitudinal direction of the electrode pattem 3 on the base 1 and the 
printing direction of the electrode pattem 3. 

[0076] Next, a process for mounting the AT-cut quartz crystal resonator 6 to 
the base 1 will be explained. 



m 
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[0077] As shown inNFig. 1, the AT-cut quartz crystal resonator 6 is 
25 connected and fixed by the conductive adhesive 9 to mounting electrodes 21 and 22 of 

the mounting portion 8 provided inVthe second layer 5 of the base 1 . 

[0078] Then, the entire package including the IC chip 2 and the AT-cut 
quartz crystal resonator 6 are subjected to an annealing treatment at a high 
temperature while hardening the conductive adhesive 9. This also has the effect of 
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removing gasses emitted from the conductive adhesive 9, the base 1, and so forth. 
Generally, the treatment is carried out for 1 to 2 hours at a high temperature in a range 
between 200^C and 300°C. 

[00791 By this thermal treatment, an Al-Au eutectic reaction in the bump 4, 
an Au-Au soUd-state bonding reaction, stress release in the bonded portion, and so 
forth are promoted, and bonding characteristics such as bonding strength of the bump 
4 change. In this embodiment, conditions for forming the bump 4 and conditions for 
the flip chip bonding are determined taking into consideration such heat history after 
the flip chip bonding. 

[00801 Furthermore, the metallic Ud 1 1 is aligned with the seal ring 12 of 
Fe-Ni alloy or the like, which is stamped into a frame shape, on the base 1, and is 
hermetically sealed by seam welding. 
(Embodiment 2) 

[0081] Fig. 7 is a plan view illustrating the structure of a quartz crystal 
oscillator of another embodiment of the present invention. 

[00821 This quartz crystal oscillator has a structiu-e in which a plurality of 
bumps 4 are formed at regular intervals on the center portion of the active element 
surface of the IC chip 2. 

[0083] By employing this structure, the stress applied to the bumps 4 can be 
evenly distributed and a disconnection failure of the bump 4 and the electrode pattern 
3 is eliminated. Also by employing this structure, the bonding process using 
ultrasonic waves is carried out in a well-balanced marmer, and failure such as the IC 
chip 2 being mounted in a slanted manner is eliminated. 
(Embodiment 3) 

[0084] Fig. 8 is a plan view illustrating the structure of a quartz crystal 
oscillator according to yet another embodiment of the present invention. 

[0085] This quartz crystal oscillator has a structure in which a plurality of 
bumps 4 formed on the IC chip 2 are concentrically formed about the center of the 
active element surface of the IC chip 2. 
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[0086] As in Embodiment 2, the stress applied to the bumps 4 can be evenly 
distributed, and a disconnection failure of the bump 4 and the electrode pattern 3 is 
eliminated. Also, the bonding process using ultrasonic waves is carried out in a well- 
balanced manner, and failure such as the IC chip 2 being mounted in a slanted manner 
is eliminated. 
(Embodiment 4) 

[0087] Fig. 9 is a structural diagram showing the structure of a quartz crystal 
oscillator according to still another embodiment of the present invention. 

[0088] In this quartz crystal oscillator, an underfill material 23 is applied so 
as to cover the rear surface of the IC chip 2. This underfill material 23 not only 
enhances the reliability of the bonding, but also serves to radiate heat from the IC chip 
2 by improving thermal conductivity. 

"[00891 FurtheWore, in order for the underfill material 23 to properly 

permeate to the bonded p^ion of the bumps 4, the second layer 5 on which the AT- 
cut quartz crystal resonator^ is mounted comprises two layers, i.e., an a layer 24 (first 
layer) and a b layer 25 (second layer). The opening portion of the a layer 24 is formed 
to be larger than the opening potion of the b layer 25. By forming the second layer 5 
in such a mamier, the underfill m^rial 23 properly permeates to the bonded portion 
of the bumps 4 and a highly reliable\onding structure is obtained. 

(Embodiment 5) 

[0090] Figs. 10(A) and 10(B) are structural diagrams showing the structure 
of a quartz crystal oscillator according to yet another embodiment of the present 

invention. 

(00911 As shown in Fig. 10(A), in this quartz crystal oscillator, for example, 
protrusions 31 are formed in the side walls of the base I which face the two sides 
along the longitudinal direction of the IC chip 2. A gap 32 between the IC chip 2 and 
the protrusion 31 is set to be 0.05 to 0.15 mm, for example. In this embodiment, the 
gap 32 is set to 0.15 mm, for example. 
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(00921 As in Embodiment 1 , on the electrode pad of the IC chip 2, the bump 
4 made of metal such as Au is formed and is comiected by the flip-chip bonding 
process to the electrode pattern 3 formed on the base I . 

[00931 Next, the method for applying the underfill material 23 on the rear 
surface of the IC chip 2 so that the underfill material 23 completely fills, without gap, 
the portion of the IC chip 2 in which the bumps 4 are provided, as shown in Figs. 
1 1(A) and 1 1(B), will be explained in detail. 

[00941 The underfill material 23 applied to the IC chip 2 through an 
applicator such as a dispenser, only spreads over the rear surface of the IC chip 2 due 
to surface tension, as shown in Fig. 1 1(B), and is prevented fi:om flowing to the region 
with the bumps 4. 

[00951 Then, as shown in Fig. 1 1(A), the protrusions 31 are formed on the 
side walls of the base 1 facing the two sides along the longitudinal direction of the IC 
chip 2. Because of these, the underfill material 23 applied through the applicator such 
as the dispenser contacts the protrusions 31 at the peripheral portion thereof, and 
spreads. The underfill material 23 permeates the gap 32 between the IC chip 2 and the 
protrusions 31, and completely fills the portion of the IC chip 2 provided with the 

bumps 4, without gaps. 

[00961 Here, a width L of the protrusions 31 is set to 1/3 to 1/2 of the width 
LO of the IC chip 2. By so setting the dimension of the width of the protrusion 31, the 
underfill material 23 is prevented firom overflowing the mounting portion 8, etc. It 
also serves to urge the underfill material 23 to spread to the region of the IC chip 2 

provided with the bump 4. 

[00971 As shown in Fig. 10(B), the protrusions 31 are formed to be higher 
than the rear surface R of the IC chip 2 and are formed down to the bonding surface S 
of the base I to which the bumps 4 are connected. By thus forming the protrusions 
31, the underfill material 23 is prevented firom spreading upward along the side wall 
of the base 1 and from spreading toward the mounting portion 8 of the AT-cut quartz 
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crystal resonator 6. Formation of the protrusions 31 also serves to urge the underfill 
material 23 to spread to the bonding surface of the base 1. 

[0098] The gap 32 only needs to be wider than the particles of the underfill 
material 23, and, ideally, 0.05 mm is optimum from various permeation characteristic 
experiments concerning the underfill material 23. 

[0099) The protrusion 31 may be shaped to have recesses 33, as shown in 

Fig. 12. 

[0100] Consequently, as shown in Fig. 10(B), the underfill material 23 
completely fills the gap provided at the portion of the IC chip 2 having the bumps 4, 
and covers the vicinity of the bumps 4. 

[0101] The underfill material 23 not only enhances the reliability of the 
bonding, but also serves to radiate the heat from the IC chip 2 by improving thermal 
conductivity. 

[0102] As in the above, by using highly reliable and inexpensive 
components such as ceramic and metal, a thin and small, for example, 2 to 3.2 mm in 
length, 2 to 2.5 mm in width, and 0.7 to 1.0 mm in thickness, piezoelectric oscillator 
of high reliability can be provided at reduced cost. 
(Embodiment 6) 

[0103] Fig. 14 is a structural diagram illustrating the structure of a quartz 
crystal oscillator according to yet another embodiment of the present invention; and 
Fig. 15 is an enlarged plan view showing a structure of a portion AR in Fig. 14, 

[0104] During the process for forming the bumps, as shown in Fig. 2, the 
plurality of bumps 4 are formed on the pads 14 of the wafer IC chip 2 which is, for 
example, 4 to 6 inches by ultrasonic bump bonding using fine Au bonding lines each 
having a diameter of, for example, approximately 25 to 35 |am. 

[0105] During the flip chip bonding process (FCB process), as shown in the 
process diagram of the flip-chip bonding process in Fig. 5, the wafer IC chip 2 is 
picked up by a nozzle such as an inverted pyramidal collet or the like, is turned over, 
and is passed on to an nozzle tip of an ultrasonic hom. Then, the IC chip 2 is aligned 
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and is chip-mounted on a mounting area of the base 1 with high precision by a system 
such as an image recognition system provided in the flip chip bonding apparatus. 

[01061 Since the pad 14 provided with the bump 4 is, as in above, loaded 
several times with weight and ultrasonic waves, it is possible that the pad 14 suffers 
from damage. However, this embodiment prevents such damage in a manner 

described below. 

[oiOT] In this\mbodiment, the vibration direction US2 of the ultrasonic 
waves for ultrasonic bondkg and for forming bumps on the IC chip 2 shown in Fig. 
15, and vibration direction UtSl of the ultrasonic waves for performing a ultrasonic 
bonding of the IC chip 2 and fhe base 1 are set to be different, preferably, in directions 
which differ from one another by 90 degrees. 



(01 08] By setting the vibration direction US 1 and the vibration direction 
US2 differently, damage to the pad 14 due to repetitively applying a load by 
ultrasonic waves can be prevented. 

[0109] The present invention is not limited to the above-described 
embodiments, and various modifications are possible without departing from the 
scope of the claims. 

[0110] For example, although the description has been made with regard to a 
quartz crystal oscillator in which a single-chip-type semiconductor integrated circuit 
having an oscillating circuit is used and in which an AT-cut quartz crystal resonator 
element is used as a piezoelectric resonator element, the present invention is not 
limited to this. For example, the present invention can be applied to any piezoelectric 
device having a semiconductor integrated circuit such as a voltage-controlled 
oscillator (VCXO), a temperature-compensated oscillator (TCXO), a SAW oscillator, 
real time clock modules. Furthermore, the present invention is also applicable to a 
piezoelectric device in which a quartz crystal resonator chip or a SAW chip is 
mounted in a package by flip-chip bonding. 

[0111] As described above, according to the present invention, because of 
the structure in which an opening is formed in the center of the base provided with an 
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input/output electrode pattern, a semiconductor integrated circuit is mounted in tlie 
center of the opening, and the semiconductor integrated circuit is connected by a 
plurality of bumps to the electrode pattern on the base, the stress is evenly distributed 
over the semiconductor integrated circuit and stress concentration at a specific bump 
can be eliminated. Accordingly, a piezoelectric oscillator of superior configuration 
which is free of jointing failure between the bump and the electrode pattern can be 
provided. 

[01121 According to the present invention, because of the structure in which 
dummy bumps are formed on the active element surface of the semiconductor 
integrated circuit, and the dummy bumps of the semiconductor integrated circuit are 
connected to the electrode pattern on the base, the stress applied to the bumps can be 
evenly distributed. Also, a bonding process using ultrasonic waves can be carried out 
in a well-balanced manner, the semiconductor integrated circuit is prevented from 
being mounted in an angled manner, and a piezoelectric oscillator of high quality can 
be provided. 

[01 13] Furthermore, according to the present invention, by filling an 
underfill material around the semiconductor integrated circuit so as to cover the entire 
semiconductor integrated circuit, i.e., including the rear surface of the semiconductor 
integrated circuit, is not only the reliability of bonding between the semiconductor 
integrated circuit and the base enhanced, but also heat from the semiconductor 
integrated circuit can be conducted through the underfill material and can be radiated 
to the outside of the package. 

[01 14] According to the present invention, by regulating the vibration 
direction of ultrasonic waves applied to the semiconductor integrated circuit, short- 
circuits between adjacent bumps can be prevented, ultrasonic bonding can be carried 
out securely, i.e., bonding between every bump and electrode pattern can be 
performed in an even manner, and a high quality piezoelectric oscillator with a 
superior yield can be provided. 
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[0115] According to the present invention, by shaping each of a pluraHty of 
bumps on the semiconductor integrated circuit to have two levels, for example, one 
formed to be 80 to 90 |am in diameter and 30 to 35 \im in height, and the other formed 
to be 40 to 45 \im in diameter and 30 to 35 |im in height, the gap between the 
semiconductor integrated circuit and the base can be maintained to be several tens of 
|im (approximately 30 jam), thereby performing ultrasonic bonding in a stable 
manner, i.e., without experiencing short circuits, bonding shear, or the like. 

[0116] According to the present invention, because a protrusion is formed in 
at least one side wall of the base opposing a side of the semiconductor integrated 
circuit, the underfill material applied through an applicator such as a dispenser can 
completely fill the gap which is a region of the semiconductor integrated circuit 
around the bumps, and the bump portion can be securely coated with the underfill 
material. Also, by this structure, it becomes possible to apply a little underfill 
material, thereby preventing the underfill material firom contacting to an AT-cut 
quartz crystal resonator, etc., and avoiding inconveniences such as oscillation 
termination, and variation in oscillation frequency. 

[0117] According to the present invention, by setting the vibration direction 
of ultrasonic waves for ultrasonic bonding and for forming the bumps on the 
semiconductor integrated circuit and the vibration direction of ultrasonic waves for 
performing ultrasonic bonding of the semiconductor integrated circuit and a package 
differently, damage due to repetitively applying a load by the ultrasonic waves can be 
prevented. 

Industrial Applicability 

[0118] As described above, the present invention is suitable when used as a 
piezoelectric device having a package including a semiconductor integrated circuit 
and a piezoelectric resonator element and as a method for manufacturing the same. 



